| HUMAN LIMBUS
Anatomically
| HETEROGE NEITY OF LIMBAL STEM CELLS
Although the presence of niche cells (NC) is implicated by the aforementioned studies, it has not been identified until recently when a novel isolation method using collagenase A was used. 17 This method helps to identify putative NC as small Vim positive stromal cells in the form of cell clusters. 17, 18 In addition, expansion of the niche/stem cell population isolated from collagenase A digestion is more efficient than single cell suspension by trypsin/EDTA digestion based on the number of p63a positive cells, 19 suggesting that an intact cell-cell contact help to maintain LSC in an undifferentiated state in vitro during expansion. Compared to the method of dispase digestion which removes intact sheets of limbal epithelium 20 but not all limbal epithelial progenitors, collagenase A digestion removes the entire progenitors in the limbal basal area which express ESC markers such as Nanog, Oct4 and Sox2. 18 In addition, collagenase A digestion has been performed without shaking, as shaking is not as effective in the concept of releasing progenitor cells. 21 Modified embryonic stem cell medium (MESCM) is considered an optimal medium for expansion of limbal niche cells. MESCM is comprised of DMEM/F-12 (1:1) but supplemented with 10% knockout serum, 5 lg/mL insulin, 5 lg/mL transferrin, 5 ng/mL sodium selenite, 4 ng/mL bFGF and 10 ng/mL hLIF, which is similar to another widely used medium containing DMEM-F12, knockout serum, basic fibroblast growth factor and leukaemia inhibitory factor (LIF) which produces a cell phenotype closest to that of a pluripotent stem cells. 22 In fact, such stem cells in the limbal niche have been confirmed (for review, see 23 and 24 
| HUMAN LIMBAL NICHE CE LLS AS ANGIOGEN ESIS PROGENITORS

| Vascular/SC niche
The vascular niche refers to a microenvironment that is generated by vascular endothelial cells (VEC), pericytes and bone marrow (BM) cells. 31 The unique perivascular localization of the central neural system, the bone marrow and the testis suggests that vascular niche plays a critical role within the SC niche. [32] [33] [34] Vascular endothelium can also support bone marrow SC in the central nervous system, the muscle and the pancreatic islets. 35 The mechanisms involved include the physical contact and the paracrine factors such as bFGF, IGFBP2, angiopoietin-1 (Ang1), BMP4, DHH, PEDF, NDEF, FGF4
and SDF-1. 32 
| HUMAN LIMBAL NICHE CE LLS AS A SOURCE OF MESENCHYMAL PROGE NITORS
MSC clusters represent an important component of the limbal-niche. 29 MSC have great potential for regenerative medicine due to their high plasticity, self-renewal, specific immune response and the ability for genetic modification. Therefore, the growing demand for cell-based therapy necessitates a massive production of MSC. According to the minimum criteria set by the International Society for Cellular Therapy, MSC should be (i) adhere to plastic, (ii) express of specific surface antigens such as CD73, CD90 and CD105 positive, CD45 and CD34 negative, and (iii) have multi-lineage differentiation potential, for example, to adipocyte, chondrocytes and osteocyte. 69 Although first isolated from the bone marrow, 70 MSC could virtually be obtained from all adult tissues. 39, 71 MSC are located in perivascular sites of many tissues such as in the bone marrow, 43 in adipose tissue, placenta and skeletal muscle 44 and in the dental pulp. 72 Functional corneal endothelial cells could be derived from corneal stroma stem cells of neural crest origin by retinoic acid and activation of Wnt/b-Catenin Signalling. 67 MSC could also be derived from the human limbal niche. 28, 29 The cell origin of the MSC, that is, the progenitor cells of MSC,
has not been very well-defined. However, recent evidence indicates that the progenitor cells of MSC lie in a parivascular niche and that MSC derive from the pericytes, or perivascular progenitor cells. 39, 44 Pericytes and MSC express the cell markers in their native state, for example, a-SMA, CD44, CD73, CD90 and CD105, NG2, PDGFR-b and stromal progenitor antigen-1 (STRO-1) but not CD45, CD31. 44, [72] [73] [74] [75] 
| ANIMAL MODELS TO STUD Y DEFICIEN CY OF LIMBAL NICHE CELL DYSFUNCTION
Recently, a mice model was established to study the mechanisms of limbal stem cell deficiency (LSCD), suggesting that the phenotype of LSCD in the mouse model was maintained for more than 3 months. 88 A rabbit model was also established for potential use of limbal MSC to treat corneal disorders. 
